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MEDICAL PRACTICE
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Use of hair analysis in the diagnosis of
heavy metal poisoning: report of three
cases
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We report three paediatric cases of suspected heavy metal poisoning
that presented with non-specific symptoms. Hair samples of the three
patients were sent overseas for analysis; results showed abnormal levels
of many elements, including some heavy metals. A diagnosis of heavy
metal poisoning was made and chelation therapy was offered to each
patient. Blood levels for some heavy metals were subsequently checked
and all were within the normal range. The original diagnosis of heavy
metal poisoning was therefore not substantiated. The patients did not
have a history of exposure to heavy metals or specific clinical features
of heavy metal poisoning. The non-invasive nature of hair analysis
is tempting, but the validity of such testing in diagnosing heavy metal
poisoning is questionable.
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Introduction

The heavy metals that are most often implicated in human poisoning are
lead, mercury, cadmium, and (although technically not a heavy metal)
arsenic. People may come into contact with these and other heavy metals
in industrial work, pharmaceutical manufacturing, and agricultural activity,
as well as through accidental ingestion of contaminated products. Children
may be poisoned as a result of inadvertent exposure—for example, from playing
on contaminated soil or ingesting lead-based paint.

Apart from specific clinical features, the ‘tissue effects’ of heavy metal
poisoning, such as proteinuria in mercury poisoning1 and basophilic stippling
of erythrocytes in lead poisoning, are useful in providing adjunctive diagnostic
evidence.2 Measuring the metal load in the body is an important approach
in diagnosing poisoning and assessing its severity. However, because most
heavy metals distribute unevenly within the body, the levels in the blood or
urine may not reflect the levels in other organ systems. Despite this limitation,
blood and urine tests are routinely used in clinical practice to diagnose
heavy metal poisoning.3-5

Heavy metals in the body may accumulate in hair, which has been advo-
cated to be a valuable specimen for diagnosing heavy metal poisoning. The
non-invasive nature of hair analysis makes it an attractive option to both
patients and physicians.6,7 However, its validity has been repeatedly chal-
lenged.8,9 Specimen contamination and other analytical problems render
this test highly controversial.10,11
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Case reports

We report three separate cases presenting with non-specific
symptoms. Hair analysis was offered by the medical practi-
tioners and a diagnosis of heavy metal poisoning was made
based on the results.

Case 1
In January 1999, a 5-year-old boy who was noticed to have
some reading difficulty presented to a private paediatrician,
who made a diagnosis of dyslexia and recommended
testing for trace elements to exclude any secondary cause.
Some hairs were sent to an overseas laboratory in the United
States. A total of 39 chemical elements, divided into
three categories, were tested for. Among 15 elements in the
first category, which were regarded as “toxic”, mercury was
present at 5.83 parts per million and was reported to be
more than two standard deviations above the mean level.
The level of another element in this category, aluminium,
was almost more than two standard deviations above the
mean. Of the 19 elements in the second category regarded
as “nutrients”, manganese, cobalt, selenium, and strontium
were present in low amounts. Of the elements in the third
category (classified as “other”), rubidium was more than
two standard deviations above the mean level. No blood or
urine heavy metal analysis was performed.

The paediatrician recommended chelation therapy
for mercury and replacement therapy for some of the
“nutrient” elements, but did not recommend any interven-
tion for abnormal rubidium level. The patient’s parents
refused the treatment and consulted another clinician for
a second opinion. The reliability of the hair analysis was
questioned by the second clinician. A blood specimen was
thus collected carefully to avoid contamination and was
tested for whole blood mercury and serum aluminium by a
local hospital laboratory. The whole blood mercury level
was 46.6 nmol/L (reference level, <50.0 nmol/L) and the
serum aluminium level was less than 0.12 µmol/L (reference
range, 0.00-0.40 µmol/L). The results were confirmed
by a second hospital laboratory. Mercury or aluminium
poisoning was therefore not confirmed. The patient did not
receive any treatment and developed normally thereafter.

Case 2
A 3-year-old boy with generalised epilepsy was treated
by the paediatric team of the Princess Margaret Hospital
using sodium valproate since September 2002. Development
was otherwise normal. The patient’s mother took him
to visit a private paediatrician for a second opinion. This
paediatrician suspected autism and advised testing the
child’s hair for heavy metal and nutritional element. The
specimen was sent to an overseas laboratory, which was the
same one mentioned in case 1, for testing. Fifteen heavy
metals and nutritional elements were found in abnormal
quantities, including aluminium, antimony, arsenic, lead,
tin, mercury, nickel, and zinc. However, the child showed
no signs or symptoms suggestive of metal poisoning, and

gave no history of exposure to heavy metal. “Heavy metal
removal therapy” (presumably chelation therapy) was
offered. The parents were alarmed and returned to the
hospital paediatric clinic for advice. A blood sample was
collected and analysed for a number of heavy metals. The
whole blood mercury and lead levels were <15.0 nmol/L
and <0.20 µmol/L (reference range, 0.20-0.47 µmol/L),
respectively; the serum copper and zinc levels were
22.1 µmol/L (reference range, 12.0-25.0 µmol/L) and
13.0 µmol/L (reference range, 11.2-20.8 µmol/L),
respectively. Heavy metal poisoning was therefore not
substantiated.

Case 3
A 6-month-old baby boy was observed by her mother
to have feeding problems and drowsiness. The mother
consulted a private paediatrician, who ordered a series
of investigations, including hair analysis by the same
overseas laboratory for heavy metal poisoning tests.
Whole blood lead and mercury levels were also checked
locally and the results were normal. However, hair analy-
sis revealed 24 of 39 elements to be present in abnormal
levels—for example, elevated levels of lead, mercury,
and copper. On the other hand, the zinc level was low.
The diagnosis was heavy metal poisoning and deficiency
in certain nutritional elements. Blood mercury and lead
levels were normal, but these results did not appear to
have been factored in the prescribed treatment regimen:
“mineral” 1 mL daily, Enterococcus faecalis two drops
twice daily, and half a capsule a day of each of the
following: 2,3-dimercaptosuccinic acid (DMSA), sub-
stance “alpha”, and zinc supplements. We may assume
that the DMSA was prescribed as chelation therapy,
whereas zinc and “mineral” supplements were given for
the suspected deficiencies. We did not know the exact
nature of “alpha”. It may have been “alpha-lipoic acid”,
which is an antioxidant used by some medical practi-
tioners; it is also used by some alternative medicine
practitioners to manage a number of conditions, such
as chronic fatigue, diabetes mellitus, and metal poison-
ing.12,13 Enterococcus faecalis is given by some practi-
tioners as a ‘probiotic’. Enteric feeding of this live
microbial supplement is believed to have a beneficial
effect on the digestive system by inhibiting the growth
of pathogenic organisms.14 The drugs were only given
once because the baby spat them out. The mother, still
concerned about the feeding problem, took the baby to
a local public hospital for further assessment. It was
found that the hole in the feeding teat was too small.
After the hole was enlarged, the feeding problem resolved.
Because heavy metal poisoning and deficiency of nutri-
tional elements were concerns, blood specimens were
tested for their mercury, lead, copper, and zinc content.
The whole blood mercury level was 24.0 nmol/L, whole
blood lead level was <0.20 µmol/L, serum copper level
was 16.0 µmol/L, and serum zinc level was 17.0 µmol/L.
The results were all normal. There were no signs or
symptoms of heavy metal toxicity.
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Hair analysis in heavy metal poisoning

Discussion

Hair analysis for heavy metals and nutritional elements,
despite being controversial, is offered by some labora-
tories in the US. In a report published in 2001, an estimated
225 000 hair tests for multiple elements were performed
each year in the US by nine laboratories, together generat-
ing an annual gross revenue of US$9.6 million.15 Commer-
cial laboratories, nutrition consultants, and practitioners
of alternative medicine often promote the use of hair
analysis as a diagnostic tool in the investigation and treat-
ment of a wide variety of diseases, and they use their
findings to prescribe nutritional supplements and chelation
therapy.

However, this practice is very controversial. It is the
current policy of the American Medical Association to
“oppose chemical analysis of the hair as a determinant
of the need for medical therapy and support informing
the American public and appropriate governmental agen-
cies of this unproven practice and its potential for health
care fraud.”16

The US Agency for Toxic Substances and Disease
Registry states that “for most substances, insufficient
data currently exist that would allow the prediction of a
health effect from the concentration of the substance in
hair.”17,18

The US Centers for Disease Control and Prevention
have compared hair and blood samples from 189 children
to assess the accuracy of hair analysis in screening for
lead poisoning. The method had a 57% sensitivity and an
18% false-negative rate. The investigators concluded
that measurement of lead content in hair is not an adequate
method of screening for childhood lead poisoning. To
obtain a reliable measure of individual lead exposure,
the investigators concluded that it is necessary to assess
the whole blood lead level.19

In 1999, Seidel et al15 from the California Department
of Health sent hair samples from a healthy individual to
six commercial laboratories in the US (covering >90%
of such tests for the whole country) to analyse a panel of
elements. The results of many elements differed by as
much as a factor of 10 among these laboratories. Five of
the six laboratories found at least one element above
normal, but none reported the same element. The authors
concluded that hair analysis is unreliable.

From an analytical point of view, hair analysis is not
a robust diagnostic tool for heavy metal poisoning. The
specimen is prone to exogenous contamination because
hair is a perfect binding medium for dust. Personal
habits such as the use of different kinds of shampoo
or hair dyes contribute to the variability.19-21 Furthermore,
there are no properly defined reference ranges, and there
is a lack of proper accreditation and external quality

assurance schemes for hair analysis. Consequently, one
does not know which laboratory, if any, is reliable.

If cases of non-specific symptoms and signs are re-
ferred for hair analysis, the probability of actual
heavy metal poisoning is low, and a large number of false-
positive results can be expected. From a statistical point
of view, if multiple elements are tested for simultaneously,
some will be classified as ‘abnormal’ by chance alone.
For example, if the central 95% of normally distributed
analytical results are considered ‘normal’, then the
statistical probability that at least one analyte in a panel
of 39 will be classified as ‘abnormal’ is [1-(0.95)39], which
equals 86%.22 In our cases, hair analysis yielded many
abnormal results and led to unnecessary additional
diagnostic tests, potentially harmful treatment, and in-
creased patient anxiety.

Conclusion

We have presented three cases of suspected heavy
metal poisoning with non-specific symptoms. Diagnosis
of heavy metal poisoning had been made on the basis of
hair analysis. In case 3, the diagnosis was made despite
normal blood results.

Diagnosis of heavy metal poisoning should be made
only after meticulous investigation. The practice of hair
mineral analysis is highly controversial. It is essential
to confirm any seemingly abnormal hair analysis results
by more reliable investigation methods, such as blood,
serum, or urine analyses. In our opinion, hair metal analy-
sis does not even qualify as a screening tool. Hair analy-
sis should be considered only as an exploratory research
method, and the results should not be relied on to
diagnose heavy metal poisoning and nutritional de-
ficiency. This practice is both dubious and potentially
dangerous.
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